of barely a year, he returned to Britain to work at Cambridge, arriving there in the early part of 1920 and bearing with him an extensive collection of metamorphic rocks from Southern Eyre Peninsula, South Australia. At Cambridge he worked in the Sedgwick Museum of Geology under the great Alfred Harker who had lately transferred his interest from igneous rocks to those of a metamorphic nature. His 1851 Exhibition was converted to a senior award in 1922, and he was appointed to a Demonstratorship in 1923. The year 1928 saw Tilley's appointment as Lecturer in Petrology and was also the year of his marriage to Irene Marshall, inaugurating a partnership of forty-five years and settling him in Cambridge, which was henceforward to be his home. At this time, petrology was taught in the Sedgwick Museum but Mineralogy was a separate Department. The simultaneous retirement in 1931 of Harker and of the then Professor of Mineralogy, Arthur Hutchinson, suggested a fusion of their posts and a committee was set up to report on the matter. They recommended the establishment of a Department of Mineralogy and Petro logy and the separation of Crystallography to form a new Department. How ever, the latter recommendation was never carried out and undergraduate teaching in crystallography continued to be the responsibility of the newly established Department of Mineralogy and Petrology. Tilley took academic leave while these proposals were being considered and spent nine months at the Geophysical Laboratory in Washington, D.C., where he worked in experi mental petrology with J. F. Schairer. Thus began an association with this Laboratory which was to last almost the rest of his life. He was the obvious choice as head of the new Department and late in 1931 he returned to Cam bridge to take up his new duties as the first Professor of Mineralogy and Petrology. A new building, largely to his design, was ready for occupation in 1933 and Tilley moved in. His aim from the first was to produce a laboratory of the top rank both in teaching and research and in this he succeeded, with absolute dedication and not a little ruthlessness. He made it quite clear that the facilities of the Department were there to be used and that time was not to be wasted-'The hours of this Department are from 9 to 7' one research student was told on returning from a mid-week excursion to London. If Tilley expected hard work from his students, he did not spare himself. Although he regularly went home to have tea with his wife and daughter Anne, he returned to the Department, and apart from a brief dinner in College, would work far into the night. Active as he was in teaching and research, he took his share in the general administration of the University, serving on the General Board of the Faculties and as Chairman of the Board of Graduate Studies. His College, Emmanuel, elected him a Fellow in 1931, and he was Vice-Master from 1952 to 1958.
Tilley retired in 1961, but retained a room in the Department and continued his research work almost to the end. He suffered a mild thrombosis in 1970; such attacks were to occur more frequently in the last three years of his life and were to end it. On Friday, 20 January 1973, a dinner was held by Cam bridge geologists to mark the centenary of the death of Adam Sedgwick. Tilley 382 Biographical Memoirs 383 had been invited but felt tired on the day and did not come. He died quietly by his fireside on the following Tuesday in his seventy-ninth year. Tilley was a man dedicated to his work, and without hobbies. He seemed to have a photo graphic memory and to never forget anything he had read or any mineral he had once seen. Within the Department he was somewhat reserved in manner, but outside it he relaxed, and at parties his voice could be heard booming above the general hum of conversation. He travelled widely, visiting the United States frequently and also many parts of Europe. Such visits were usually in connexion with his work, but in 1955 he spent a year visiting old students and friends in the United States, New Zealand, Australia and India.
His work Tilley's work can be divided roughly into two periods, an earlier one when he devoted most of his time to the study of metamorphic rocks, and a later one in which his main interest was in igneous rocks.
Metamorphic rocks
His earlier period started in 1920 with the publication of his work on the metamorphism of the Precambrian dolomites of Southern Eyre Peninsula, South Australia. This appeared in two parts in the Geological Magazine for that year and was based on the material which, as already mentioned, he had brought with him to Cambridge. This material provided, in addition, a paper on the Precambrian paragneisses of the Peninsula, also in two parts, and another on the granite gneisses with their associated amphibolites. Both came out in 1921, the first in the Geological M a g a z i n e , the second in the Quarter of the Geological Society. These papers may be said to have brought Tilley to the notice of the geological world and they were followed by a series of publi cations mainly written between 1923 and 1951 , and dealing with both contact and regional metamorphism, which established him firmly as a leader in meta morphic petrology.
Taking his work on contact metamorphism first, the year 1924 saw the publi cation of his now classical account of contact metamorphism in the Comrie area, Perthshire, which had been preceded in 1923 by two related studies on the paragenesis of minerals in the system MgO-Al20 3-S i0 2 and on the genesis of rhombic pyroxene in thermal metamorphism. The first seven of V. M. Goldschmidt's ten classes of free silica hornfelses were found to be present, but the main interest lay in the silica-poor hornfelses developed abundantly at certain localities. Tilley's important contribution here was the derivation of the possible assemblages of silica-poor hornfelses from the corresponding classes of Goldschmidt's free silica hornfelses, of which the first four were involved. For example, he was able to derive seven types of silica-poor hornfels from Goldschmidt's class I free silica hornfels by abstracting silica from andalusite or cordierite or both. Of these seven possible assemblages, four were found to be present in the Comrie aureole.
Previous writers on contact metamorphism had usually been content with giving descriptive data without any attempt to explain the conditions of genesis. Tilley showed that all the hornfelses could have formed from mixtures of sericite, chlorite and quartz, the dominant minerals of the sediments from which they were derived. This was the most comprehensive study of a metamorphic aureole hitherto made in Britain and many of the hornfelses belonged to types little known before in this country. Further papers followed on the contact metamorphic assemblages in the system C a0-M g0-A l20 3-S i0 2, and on the role of garnet in perlitic contact zones in which he laid stress on the part played by manganese in promoting the formation of that mineral.
Heralded by a series of preliminary papers, his great work on the doleritechalk contact of Scawt Hill, near Larne, Co. Antrim, made its appearance in 1931. There is here an exogenous contact zone of silicates, varying in width from a few inches to a couple of feet, grading outwards into a coarse marble for a few inches and thence into the normal chalk. This contact zone proved to be unique in its mineralogy with spurrite rock, larnite rock (±spurrite), spurrite-larnite-gehlenite rock and spurrite-gehlenite-merwinite-spinel rock (± larnite) as the main rock types. These assemblages show that solutions from the dolerite magma enriched the contact zone not only in silica but also in other constituents and Tilley concludes: 'This unusual character of the Scawt Hill assemblages is probably due to the high temperature prevailing during metamorphism. In this process the solutions emanating from the magma played a necessary part, modifying the composition and effecting a rapid rise in temperature in the limestone, apart from conduction. ' Equally remarkable was what Tilley termed the endogenous contact zone where the dolerite magma had been contaminated by lime. The normal rock, making up the great bulk of the intrusion, is an olivine dolerite but, in the endogenous zone, are found pyroxene-rich dolerites and pyroxenites (the most abundant types), titanaugite rocks with plagioclase or nepheline or both, titanaugite-melilite-nepheline rocks with or without plagioclase and, most extreme of all, melilite rock. Tilley was able to show that assimilation of lime by the dolerite magma led, in the first instance, to the formation of the pyrox ene-rich rocks, leaving a residual magma enriched in plagioclase and soda, and strongly enriched in iron. Further assimilation of lime led to the formation of the titanaugite rocks, while more intense absorption of lime at the immediate contact led to the formation of the titanaugite-melilite-nepheline rocks. Finally, the melilite rock arose by interaction of lime and an alkali magma having the composition of a titanaugite-nepheline rock. The importance of this work lies in the fact that it showed in detail, for the first time, how a basic alkali residuum could be produced from a normal dolerite magma by absorption of lime. This was a mechanism for the production of basic alkali rocks in general that had been suggested by Daly and strongly supported by Shand. Tilley, however, points out that the Scawt Hill occurrence with its very limited zone of contami nation, and the dominance within that zone of pyroxene-rich dolerite and Biographical Memoirs pyroxenite, is to be taken rather 'as an example of the restricted potentiality of igneous magma to generate alkali types by assimilation'.
Another point to be made in connexion with the Scawt Hill rocks is the number of new minerals Tilley discovered-larnite, scawtite, portlandite, hydrocalumite and rankinite were all described in papers published between 1929 and 1942 , and there were further papers on the progressive metasomatism in the flint nodules of the Scaw't Hill contact zone (with A. R. Alderman), on wollastonite solid solutions from Scawt Hill, and on scawtite pseudomorphs after spurrite which appeared in 1934, 1937 and 1938 respectively. Tilley's continuing interest in Scawt Hill is indicated by the fact that, as late as 1948, the occurrence of bredigite in the contact zone was reported in a paper by him and H. G. C. Vincent. In 1948 Tilley published his work on the gabbrolimestone contact zone of Camas Mor, Muck, where conditions were very similar to those of Scawt Hill, and these examples led him to consider, in 1952, the trends of basaltic magma in limestone syntexis and to show the extreme iron enrichment of these syntectic magmas.
Material of quite a different kind was also occupying his attention. He had published (with Sir John Flett) an account in 1930 of some hornfelses of un usual type from Kenidjack, Cornwall, and having extended his study of these both in the field and in the laboratory, he produced a further paper on them in 1935. Here were a series of hornfelses, derived from original greenstone, but now made up of assemblages such as cummingtonite-anthophyllitecordierite-plagioclase ± biotite, anthophyllite-cordierite-biotite ± plagioclase, cummingtonite-plagioclase ± biotite, and cordierite-biotite-plagioclase-quartz-± anthophyllite. Chemical analyses of these hornfelses and of the original greenstones prove the former to have suffered considerable changes in com position, the most marked being a considerable loss of lime. In their original paper Tilley and Flett had concluded that these changes were due largely to the effects of intensive weathering of the greenstones before metamorphism. In this further study Tilley decided that such an explanation must be aban doned, and he considered the hornfelses to have been formed by a process of metasomatism, the solutions responsible emanating from a nearly granitic source. This conclusion has been challenged but Tilley may yet prove to have been in the right.
Tilley's last two papers on contact metamorphism were published in 1951, both of considerable importance. The first of these, on the progressive meta morphism of siliceous limestones and dolomites, considers the stages of progres sive metamorphism of siliceous limestones and dolomites, considers the stages of progressive thermal metamorphism of such rocks, as first delineated by Bowen in 1940, in the light of more recent know ledge. He was thus able to place tilleyite and rankinite in the sequence and to introduce talc as the first step. Bowen's original thirteen steps and ten mineral indicators were in this way enlarged to seventeen steps and thirteen mineral indicators. The second paper con cerned the zoned contact-skarns of the Broadford Area, Skye, a preliminary note on which had been published in 1948. These complex skarn zones occur at, or close to, the contact of granite with the dolomite horizons of the Durness limestone. The simpler skarn zones are without iron ores and have not suffered a fluorine-boron metasomatism but silica, alumina and some iron have been introduced from the granite magma. The more complex zoned skarns commonly have monticellite, forsterite and diopside; fluorine-bearing minerals such as members of the humite series, cuspidine and fluoborite; and less abundant boron-bearing minerals such as ludwigite and, at single localities only, datolite, the rare szaibelyite and a new mineral, harkerite, which proved on analysis to be a complex carbonate-borosilicate of calcium and magnesium-containing chlorine. The parageneses of the various skarn zones are worked out in detail and this paper, like those on Scawt Hill, illustrates Tilley's wonderful eye for minerals, his great skill in identifying the rarer ones and his flair for discovering new ones. It will be evident from what has been said that much of Tilley's work in contact metamorphism was on carbonate rocks. It is therefore appro priate that a new mineral found in metamorphosed limestones at Westmore, California, should, in a paper published in America in 1933, have been named tilleyite in his honour.
Apart from the early papers on the regionally metamorphosed rocks of Southern Eyre Peninsula, Tilley's first work in this field was on the rocks of the Start area of South Devon, the results of which were published in 1923. Two main groups of rock, mica schists and the so-called Green Schists, are present in the area and Ussher had previously concluded that the former lay below the latter. Tilley found that an adequate explanation of the stratigraphy and struc ture could only be obtained by recognizing both an upper and a lower group of mica schists. His main interest, however, centred on the Green Schists. They could be divided petrographically into the distinct types, chloriteepidote-albite schists and hornblende-epidote-albite schists, with gradations between them. Chemical analyses of both types showed that they had the composition of basalt and, although no zonal distribution of these types could be discovered, Tilley found good reason to believe that they represented different grades of metamorphism. He records the presence of garnet, which he found to contain an appreciable content of manganese, in some schists of composite origin, and notes its early appearance (i.e. before biotite) in this and some other areas. He remarks: 'The presence of a notable content of manganese in the metamorphosed sediment appears, however, to lead to an earlier development of garnet, with the result that the order of development of these two minerals is reversed. This receives support from other regions. . . .' We believe this to be the first record of a fact now taken for granted.
Tilley retained his interest in Green Schists and when he wrote a paper (in 1938) on the status of hornblende in low grade metamorphic zones of Green Schists, he returned to the Start area examples and studied their minerals in more detail. Chemical analyses of the hornblendes and of the chlorite separated from these rocks showed the former to be actinolitic and low in alumina, while the latter was an aluminous variety of prochlorite type. He was further able to show that the original basaltic rock had first been metamorphosed to the actinolite-epidote-albite + chlorite assemblage and this, in turn, to the chloriteepidote-albite assemblage, chlorite developing at the expense of actinolite and deriving its alumina from epidote which is thus reduced in amount. This involves addition of water and, more especially, removal of lime and Tilley considered that this may have occurred both during the main metamorphism and also during the period of movement when the Start schists were brought into contact with the Devonian rocks lying to the north.
Much of Tilley's work on regional metamorphism was done in Scotland. Barrow's pioneer map of the metamorphic zones in the Dalradian rocks of the South Eastern Highlands had been published in 1912. This work had been more or less neglected by geologists but Tilley extended it, and published in 1925 a preliminary survey of metamorphic zones in the Southern Highlands. Later, he spent several summers of detailed mapping, with G. L. Elies, in an endeavour to prove the tectonic inversion of the metamorphic zonation in that area. The results of this were published in 1930, but the view put forward has not found general acceptance. His work on the Barrovian zones led him to reflect on the mineralogical transformations that result in the passage from a lower to a higher grade assemblage and, in particular, the reactions which, in pelitic rocks, give rise to the index minerals of Barrow's zones. Using such data as was then (1926) available, he discussed the genesis of biotite, of almandine and of staurolite. This was pioneer work on which little advance was made until the development of the electron-probe some thirty years later. Here, too, should be mentioned his work on the Loch Tay limestone where he delineates the assemblages found in these calcareous rocks with progressive metamorphism through the chlorite, biotite and almandine zones of the associ ated pelites, and discusses the occurrence of vesuvianite and grossular as products of metamorphism.
Work in Scotland was not confined to the Dalradian; Lewisian rocks also claimed his attention and, more especially, those of the Glenelg inlier. Here he discovered the rare rock type eulysite, previously known only from some localities in Sweden. This was associated with other metamorphic rocks rich in iron, including grunerite (or cummingtonite)-garnet schists with variable magnetite. Further work brought to light the presence of rhodonite and of pyroxmangite at one outcrop of these schists, the latter mineral known at that time from only four other localities in the world. Tilley also visited the Lewisian of the Gairloch area where cummingtonite had first been described in manganiferous schists and, in addition to the cummingtonite schist described in the Survey Memoir on the area, he found two other types, cummingtonite-garnetsideroplesite-ankerite schist and banded quartz-knebelite-magnetite schists with minor garnet and cummingtonite. This discovery reinforced his view that the Glenelg rocks had been formed by the metamorphism of sediments of which iron carbonates formed at least a part.
It will be recalled that Tilley published a paper in 1935 on some unusual anthophyllite-cordierite hornfelses from Kenidjack in Cornwall. In 1937 he published his work on similar rocks from the Lizard area, but these had been formed while being folded at high temperature. Here were a banded series of hornblende schists and various granulites carrying anthophyllite (or cummingtonite) and cordierite, with all gradations between them. According to Tilley, these granulites have been derived from the hornblende schists by meta somatism involving an introduction of silica with lime as the chief material removed. But near Pistil Ogo he found a further series of anthophyllitecordierite granulites which included such assemblages as anthophyllitecordierite-staurolite, cordierite-staurolite-andalusite, and cordierite ± almandine, all with quartz, biotite and plagioclase. This represents a sedimentary series which has been metamorphosed. He points out that the anthophyllitecordierite rocks here and those of Kenidjack provide a splendid illustration of metamorphic convergence. Two of the examples have been formed by meta morphism (and metasomatism) of basic igneous rocks under different condi tions, while the third has been produced by metamorphism of sediments.
A number of Tilley's papers deal with more general aspects of regional metamorphism, particularly with paragenesis. These are usually quite short, yet each is an outstanding contribution to its subject. Here fall those on the paragenesis of kyanite eclogites and of kyanite amphibolites; that on the para genesis of anthophyllite and hornblende from the Bancroft Area, Ontario; and that on kyanite-gedrite parageneses, sparked off by the remarkable garnetgedritites of the Shueretsky district of Karelia seen, and collected from, by him in the course of a field excursion in connexion with the 1937 International Geological Congress held in the Soviet Union.
Some of Tilley's last work on metamorphic rocks was to be done on the dunite-mylonites (as he called them) of St Paul's Rocks in the Atlantic. His interest in these was aroused when examining Darwin's Beagle collection of rocks which the Department had inherited from the Sedgwick Museum, but he was also able to examine material from the Quest and Challenge expeditions. The rocks had been described previously as peridotites or dunites showing evidence of 'metamorphism by pressure'. Tilley showed that they had been intensely mylonitized and had a double interest, namely as dynamically meta morphosed ultrabasic rocks and as mylonites in a deep oceanic environment. This work was published in 1947 but in a later paper (1966) he states that, although he had called the rocks 'dunites' they would be described more accurately as 'peridotites' as they contained significant amounts of pyroxene and amphibole. In a contribution to a discussion on the origin of the Earth, published in 1955, he had advanced the view that these peridotites represented fragments of the Upper Mantle brought up along a line of fracture. He now brings forward the further suggestion that they are the barren residue resulting from the extraction of basalt magma from a less refractory mantle peridotite of greater alkali content.
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Igneous rocks To those who knew him solely from his published work, Tilley's presidential address to the Geological Society in 1950 no doubt evoked surprise. To his friends, colleagues and students it caused no such reaction. Although almost the whole of Tilley's previous work was in metamorphic petrology it was patently obvious to those attending his lectures that his interests embraced the whole field of his subject. Moreover, harbingers of the shift to igneous petrology had already appeared as early as 1933, consequent on a long visit, the previous year, to the Geophysical Laboratory, Washington, D.C. Here with J. F. Schairer as his guide he had widened his experience by working in the field of experimental petrology.
Tilley's investigation of the ternary system Na2S i0 3-N a2Si20 5-N aA lSi04 formed part of a more general study of the system Na20 -A l20 3-S i0 2 then being undertaken at the Geophysical Laboratory. While of less direct petro logical interst than some other parts of the general system the work provided additional information of the range of the stability fields of nepheline and carnegieite. More important, however, for petrology it stimulated Tilley's interest in the alkaline rocks that was later to form the second major phase of his igneous period.
The conception of magma types was one of the major results of the work of the Geological Survey on the Tertiary Igneous Rocks of Mull (1924) and later extended in the Ardnamurchan memoir (1930) . Consequent on these works the nature and genetic relations of primary and derivative basic and intermediate magma were widely discussed but generally either with respect to restricted regions or in diffuse generalizations. Olivine basalt and tholeiitic basalt were conceptions in common use but with little consensus as to their precise definition. An authoritative and comprehensive survey was needed. Tilley's presidential address provided the antedote. Few, if any, could match his knowledge of the literature, his analytical power or his ability, if not to provide all the answers, to indicate the way to proceed. His plea for more precise definitions and more quantitative mineralogical and chemical studies bore fruit, and 1950 marked the beginning of a new and systematic approach to the basalt problem, and from that time Tilley's definition of tholeiite and the conception of the tholeiitic series gained general acceptance. The work disposed of the current widely held belief that whereas olivine-basalt-magma occurs both in the continental crust and in the ocean basins, tholeiitic magma is confined to the continental areas. The sequential problem of the origin of andesites was also examined and the most popular hypothesis, contamination of basaltic magma by sialic material, Tilley found to be unacceptable, as indeed was the alternative of derivation by the fractional crystallization of basalt liquids. Tilley had not yet found the answer, for although accepting that a close relationship existed between basalt and andesite he wrote, 'the manner of that linkage is not so clear'. It was still early in the development of the equipment necessary to study synthetic silicate systems at high pressure and temperature and the answer to the problem of the origin of andesitic magma was still some years ahead.
Immediately following his attack on the basalt problem Tilley turned to another major problem of petrogenesis, the genesis of alkaline rocks, and 390 between 1952 and 1961 there followed a series of eleven papers covering many aspects of their mineralogy and petrology. Characteristically be began with nepheline, the essential diagnostic mineral of these rocks. Since his work on the Na2S i03-N a2Si20 5-NaAlSi04 system his interest had been further stimu lated by the more recent studies of systems with wollastonite and gehlenite, and the investigation by Miyashiro (1951) of the compositional range of nephelines in volcanic and plutonic rocks. Tilley approached the problem from a different angle, the chemical environment in which crystallization had occurred. His survey, although indicating that the composition of magmatic nepheline solid solutions is primarily conditioned by the chemical environ ment, he regarded as a reconnaissance as the need for more data clearly emerged. Tilley began to rectify these deficiencies with his work on nephelinites from West and East Africa, phonolites from New Zealand, foyaite from Transvaal, the leucite nepheline dolerite from Meiches, Germany, and finally, with J. Gittens, the hypersolvus nepheline syenites from the Monmouth and Glamorgan Townships of Haliburton County, Ontario. As the data accumulated the effects of the environmental control on the chemistry of nepheline emerged more clearly, and demonstrated the existence of two contrasted parageneses. The volcanic in which the composition of the nepheline varies in response to the changing composition of the host rock, and the plutonic and metamorphic in which the composition of the nepheline phase lies within the MorozewiezBuerger convergence field in the system NaAlSi04-K A lSi04-S i0 2.
To one who was both mineralogist and petrologist, nepheline could not for long be studied in isolation, and Tilley turned his attention to feldspathoidalfeldspar associations. In the heteromorphic pair, phonolite and nepheline gneiss the associations were shown to be explicable in terms of equilibrium reaction processes with changing temperature of the type for a sodic phonolite metamorphism: sodic rich NaK nepheline + anorthoclase (phonolite)--------» NaK nepheline + albite + microline (nepheline gneiss) the bulk composition of the feldspar phases in the nepheline gneiss becoming relatively more sodic, the nepheline phase more potassic. The study was extended to include nepheline-feldspar associations of the nepheline syenites, and showed that they are limited by the Mariupol type with albite as the only feldspar and the Juvet type with an almost pure potassium feldspar, and that all other low temperature assemblages of nepheline and alkali feldspars can be represented by the projection of the join nepheline-bulk rock composition to the albite-orthoclase join in the system NaAlSi04-K A lSi04-S i0 2. It is characteristic that his paper on 'Nepheline associations' in the Brouwer volume (1956) concluded with the phrase: 'It is clear that the problem of nepheline phase equilibria requires continuing study'. For further progress it was essential to extend the experimental work on the feldspar-feldspathoid system to the hydrothermal study of the sub-solidus equilibria in the nepheline series as well as within the larger nepheline-kalsilite-silica system. From such a study Tilley believed that alkali feldspar-nepheline equilibria would eventually be traced through successive temperature stages, and in so doing provide a surer guide to the crystallization history of the undersaturated rocks. Subsequent investigations, among others by Hamilton, Mackenzie and Edgar, have since been undertaken and nepheline geothermometry is now well established.
Some seven years after his presidential address on magmatic evolution, Tilley was invited to give the William Smith Lecture to the Geological Society of London. In the interval he had visited the classical area of nepheline rocks in the Haliburton-Bancroft area and he chose to review the genetic problem of the alkali rocks. The concept of nephelinization, the process involving the metasomatic development of nepheline in silicate assemblages, had been intro duced earlier by Eckermann and the Ontario nepheline-bearing rocks provided ample scope for a full scale and detailed mineralogical investigation. Tilley obtained a 570 foot core that had been drilled in view of the possibility that these rocks would have a commercial use as raw material for alumina and alkalis, and as a substitute for feldspar in the ceramic industry. That he had cut, and examined, 1500 thin sections was but another reminder of the enthu siasm, energy and stamina that Tilley applied to each successive undertaking. The work showed conclusively that the nephelinized rocks were originally crystalline schists and gneisses and that, on the basis of the nepheline composi tion in the Morozewiez-Buerger convergence field, the rocks represent a low temperature sub-solvus feldspathoidal assemblage. He further demonstrated that in the Bancroft area there is a continuous passage from normal granite through syenite to nepheline syenite that was due neither to magmatic differ entiation nor to this process aided by limestone syntexis. Previously the source of the metasomatic fluids responsible for the nephelinization had been in doubt but Tilley presented an overwhelming case for their origin from a felds pathoidal magma or magmas, and showed that the sequence was due to the silication of 'nepheline syenite' of early generation by metasomatic processes associated with the invasion of the province by later syenites and granites. To put the final seal on these conclusions he later, with Gittins, presented further evidence in their paper (1961) on the hypersolvus nepheline syenites of the area, and identified these syenites as the ultimate source of the agents of nephelini zation that had converted the Grenville sediments into nepheline gneisses.
As his work on the nepheline rocks was nearing completion, Tilley began to turn again to the basalts. A visit to Hawaii, under the guidance of G. A. Macdonald of the University of Hawaii, was doubtless the catalyst for this renewed interest. He published four papers on the basalts of this celebrated volcanic island, a synthesis of which was presented in the Abbott Memorial Lecture to the University of Nottingham (1961) . Tilley was accompanied on his Hawaiian visit by H. S. Yoder Jr, of the Geophysical Laboratory, Wash ington, and there began a collaboration between the supreme mineralogistpetrologist and the leading American experimentalist. The combination of Tilley and Yoder could not have been more powerful, and their paper, published in the Journal of Petrology (1962) , almost 200 pages in length, on 'The origin of 392 basalt magma: an experimental study of natural and synthetic rock systems', was a triumph of interpretive petrology and experimental skill.
Some years earlier Tilley had been appointed a Research Associate of the Carnegie Institution and upon his retirement from his Cambridge Chair in 1961 he undertook his first of six annual visits to the Geophysical Laboratory, and until 1967 that Laboratory and its work became central to his interests and research. In particular it enabled him to continue actively his association with Yoder. Together they tackled the basic problem of the primitive source or sources from which all magma might be derived. Experimental petrology was now in full flight, and numerous studies involving the principal compounds of magma were under investigation in the Geophysical Laboratory and else where. Some years, however, would be needed before they were completed. Yoder and Tilley believed that a significant insight into the general relations of the various basalt types could be obtained by a more direct if less rigorous investigation. The basis of their approach was to treat basalt as a simple bulk composition in a multicomponent system the crystallization trends of which could be followed by the quenching method. Natural basalts and their chemical equivalent, eclogites, were investigated at a series of temperatures in the pressure range of 1 atmosphere to 40 kbar, and water pressures of 1-10 kbar. Lovering in 1958 had put forward the view that the Mohorovicic discontinity under both the oceans and the continents were due to the phase changes involved in the conversion of basalt to eclogite. Yoder and Tilley determined the pressure-temperature stability fields for the two rocks and showed that whereas the discontinuity under the continents may result from such a trans formation, it could not account for the discontinuity below the oceanic regions. The basalt-eclogite transformation occurs over a relatively broad transition zone, and Yoder and Tilley stressed that the continental discontinuity would not take place at a constant depth universally, as the transformation is critically dependent on pressure and that the pressure-depth curve will vary with the density of the overlying rocks. From the melting characteristics of basalt and eclogite they concluded that both rocks can be derived by partial melting of a more primitive garnet peridotite. Their investigations showed that such primi tive material, in the region of magma generation at 60 km, could yield an eclogitic magma the fractional differentiation of which will depend on the changing compositions of its two major components, garnet and omphacite, in contrast to those of the plagioclase and clinopyroxene of the basalt system. Thus an increase of the garnet constituents of the magma, either by effective removal of omphacite or by a shift of the garnet-omphacite boundary surface, could give rise to tholeiitic-type magmas, and similarly an increase of the omphacite components in the magma at high pressure could generate an alkali basalt-type magma at low pressure. It was thus clearly established that the two basalt series could form in the region of magma generation from a common parental source.
The study of the dry system at high pressures was followed by an investi gation of the effects of water at high pressures. Their results showed that under such hydrothermal conditions the stability field of basalt is drastically reduced by the development of amphibolite and confirmed the earlier recognition by Lacroix of the approximate equivalence of hornblendite and basalt. The trans formation of basalt to amphibolite was shown to take place at relatively low temperatures in the presence of water and that amphibolite is a potential source of basalt magma, and confirmed Bowen's prediction that the fractional resorp tion of early formed hornblende can lead to the switch from tholeiitic liquid compositions to the alkaline line of descent. In addition, the work demonstrated that amphibole is an early phase to crystallize from liquids of basaltic com position with excess water, and that the mineral is the primary phase at pres sures greater than 10-12 kbar, depending on the bulk composition. The com positions of the principal amphiboles span the fields of undersaturated and saturated basalts, and Yoder and Tilley concluded that amphibole settling and resorption may operate, not only to convert tholeiitic to alkali basalt liquids but may also effect the reverse change depending on the composition of the amphibole appearing on the liquidus.
An interesting by-product of the work was the demonstration that for all basalt compositions, plagioclase is the first phase to be consumed completely with increasing temperature at pressures above 1.5 kbar. Here lay a possible explanation of the genesis of these anorthosites not associated with stratiform mafic intrusions, and derived by either crystal settling or floating. The early consumption of plagioclase above 1.5 kbar could thus provide the mechanism for the formation of a anorthositic magma, provided separation of the liquid from the residue, for example by filter pressure, occurred. Moreover, such a process could take place at low temperatures as, for some amphibolites, the beginning of melting is 600 °C.
In the first part of the 1960s Tilley collaborated with I. D. Muir in a series of more detailed studies on the differentiation of basalts and related rocks. These contributions, although on a less grand scale than the 'Origin of basalt magma', dealt with a number of specific topics that could be isolated from the broad problem and investigated in finer detail. Beginning with an examination of the relationship of mugearites to the alkali igneous rock series (1961) they presented a wealth of new data on the constituent pyroxene and plagioclase compositions, as well as the chemistry of mugearites and hawaiites. The work was extended to include an appraisal of the Hebridean Plateau magma (1962) and the tholeiitic basalts of Mauna Loa and Kilauea (1963) . This was followed by an investigation of pyroxene fractionation and iron enrichment in tholeiites (1964) , and in the same year by an examination of the intermediate members of the oceanic basalt-trachyte association. The first presented new data on the compositions of phenocryst and groundmass pyroxenes and demonstrated that two trends may be distinguished, an intratelluric equilibrium line terminating with a hedenbergitic pyroxene phase, with or without fayalite, and exhibited by dolerite-granophyre suites, and a quench trend characteristic of the subcalcic augite groundmass sequence of volcanic suites. The latter paper dealt with the nomenclature of these members of the series the compositions of which fall in the band of Chayes's minimal frequency. Tilley and Muir demonstrated that within this chemical range there are several types of assemblage, to two of which they assigned specific rank, the one more sodium-rich, benmorite, the other more potassium-rich, tristamite. Tilley published two further papers with Muir, on the basalts from the northern part of the rift zone of the MidAtlantic Ridge (1964) and on the Atlantis collection (1966) . Here it was shown that the olivine-bearing basalts and dolerites of the northern part of the ridge are mainly transitional or slightly alkaline in character, although some are close to typical tholeiite in composition. Potassium-argon data show the later variant to be about 18 million years and the more alkaline types 9-1 My in age, indicating that in the Atlantic the widely distributed tholeiitic magmas were succeeded by alkaline types such as are exposed in the Atlantic islands.
Tilley's last visit to the Geophysical Laboratory in 1967 did not end his active interest in experimental petrology. For Washington, D.C., he substi tuted Manchester, thereby renewing an association with his old pupil, W. S. Mackenzie. Working mainly in Cambridge but interspersed with short visits to the Manchester Department, he worked with R. N. Thompson on a series of projects concerned with the melting relations of basalts. The work of the United States Geological Survey on the Kilauea eruption of 1959-60 had provided a wealth of data on the mineralogy of the lavas with respect to time, temperature and bulk chemistry. Tilley and Thompson's melting experiments (1969) disclosed some discrepancies between the temperatures measured in the field and the laboratory liquidus temperatures. These differences they explained on the basis that the two measurements were not those of lavas in identical physical states, the laboratory results being obtained on anyhdrous melts whereas the field temperatures had been measured on liquids containing some volatile constituents, and furthermore the highest laboratory tempera tures are liquidus determinations while the field temperatures are of liquids containing some crystal phases. The melting experiments showed that the regular sequence, olivine-clinopyroxene-plagioclase, occurred in the crystal lization of the lavas of the early and middle stages of the Kilauean differentia tion, and confirmed the sequence of fractional crystallization inferred from the earlier petrographic study.
The Kilauean work was followed by an investigation of the melting and crystallization relations of the Snake River basalts (1970) . The basalts were shown to consist of two tholeiitic series. The first in which the fractionation was dominated by the crystallization of olivine and plagioclase, with pyroxene playing only a minor role in accord with its late crystallization as determined by the melting experiments. In the second group the removal of iron-titanium oxide together with the extraction of olivine and plagioclase was shown to be responsible for the silica enrichment of the later differentiates and the associated reduction in the rate of iron enrichment. Later investigations dealt with the lavas of Reunion Island (1971) , basalts of the Mid-Atlantic Ridge (1972) previously described by Tilley and Muir in 1964 and 1966 , and the ultra alkali lavas from the Nyiragongo volcano of the Congo (1972) . The latter rocks were shown to have comparatively low liquidus temperatures, except for those with significant contents of leucite, but that nevertheless the liquidii followed a course dependent on iron enrichment in conformity with the differentiation trend determined earlier for the Kilauean volcanic series. These papers, essentially interim presentations of data on basalt fractionation trends, are terse even for Tilley's later abbreviated style, in which the reader is assumed to have the same intimate knowledge and understanding of the problem as the Master himself. It was no doubt his intention to follow the previous pattern of his work, first the production and accumulation of data, followed by the broader canvas of synthesis and review. This was not to be. During the last year or two he had, as he himself confessed, begun to slow down. Tilley would never have finished his labours, and as he sat by the fireside of an evening during his last winter there can be little doubt that his thoughts were turned to the problems of the following day. In modern times it is doubtful if anyone has ranged so widely across the span of his subject as Tilley. His work on metamorphism covered both its thermal and regional aspects as well as embracing the study of many metasomatic reactions. Similarly in the field of igneous petrology he tackled the genesis of basaltic and alkaline rocks. To this must be added his work, and even more his interest, in experimental petrology and his purely mineralogical studies and the discovery of new minerals.
Tilley's work has assured him a place as one of the foremost petrologists of his time. The methods he used in his research-the extensive collection in the field, the accurate petrographic investigation accompanied by chemical analysis of suitable specimens and their more important minerals, the search for relevant literature-and the love of rocks both as subjects for research and as objects of beauty when seen in thin section under the microscope, these he has passed on to numerous students, now scattered over the globe, who remember him writh gratitude.
We wish to acknowledge the great help given by Dr G. A. Chinner in the preparation of this memoir, especially in connexion with Tilley's early years in Australia.
The photograph is reproduced from the American Mineralogist, vol. 40, 1955. 
